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^ i. 'k, i''^Cc«»W '. . •.. i^
iioxutict- (*.) »£.-; cii for»^^ U-e iasitiii- etic«Llt»» for tt;i« p^.^m\
*j^proJiCit»«a wuicij *xt«>£i^ t-&.« limits of ta's.i e^j^riur^f %c< ir.jTl...- v, , aoa-.^tuJr^.
iri^c^ e.'idi^Ai «I«fe>e Nd <£o&««
* Silver, fe;.cro?:; v-^; .Afc%«r.t.:y, lft<F,-irjr af--ti pggl^ r., (8), pp 194,
o
Vectors Fi^-x IB«? ijic*tc*.ted fajr' a i^rimu^Ul Iliue over « „«ft\.*r»)
. i-b (?«xvl (^)I^V?^-^' - M B
trit «ii;i »afet.eta.e fialG veatora 0»»r a nii-4t« clrculs-r «|f«Ttur«,
l&iB source c^ai-- »» ra«<ilijf cori^Ijsted t- Ui® ;c-rij^gvCRl dlsctr.:--K.fcj,fc£>t;c
r»»a fit ti.* iocwa oX u.^ ran ecu r (n^, i*.). Tae e£:.wre^ c.u t.i*«ii ^
eeiis
. <i.*r»d ^e t^ distrlimUcc of &l«ctrle &.bc Eegf..i.t.o vsct.. r^ isx ti.«
pis&s cciitAiji;.;,^ u-c r^sfc
-i u.e j,,iijf.s.«ii.i. r^i-. ci...r (^ ifc #14^. .i.^) «itfa
«3r»at<atTic sources &r» tt fe® c..f 8,.c>r»ii, t^^s .'.iip: 1 tuvt** f/ t-tr^ tuf.oBB of
of toe r«f,.««v.-r. lia« iiisUxl tij^ci |>ali»j«&» &rs »»p* of tii« electpLe
tc tu« ivxtftttided sijd.« of tfas rcf^ecur, a difit?..£.t fi-vi^ j-mtt&rc »DuId
!»• c?bi-aAi.©d (Fii. ifc)» Atid fii.c^ u.<? disUut fioic
-sttt^ri- i£ c.rc
ijf £yB^^^tric for ^ cifcul.i,..^
.,, ..^i-.c ao..rce c.^u-i^uv.cia,, u^s dls-
t*i-%. fi«i4 y*.t.tt,rii tt«jr jjo coa^i ^leijr ^Xj. r«» . «< .. jue * ftaiCU^&ft ©f «mtt
» riatle, Usus cti»t.&i^* tr^-& Xi.<- refl'sctcr f-xis (Fls. lb).
1.4 ati miialytic ooluwcii
-..-i ti.<5 ^^t^i^tuae ,.i&iri£.<ili.oii of %l-zo-
trie ffltKi te%gi.ttUc n«id »«cu-rs tv«r ,^ fitlt* ap-^^rturs £.ee«*r:-vr7 t©
prc^cStaC* s ii*«E. a«co^d;.rj rrdistict p^ti^ri. is
, rss^. levi ii, ti<l» p^«r,
of v&« sij^rtiurft iii.iateii.ntict r«-ulrecj ^.r & ^Itok (5i*tr:;.t n«^<? M.ti.?r»..
T»e ofci/ r«9trictioji i;a..cea ...;: vsiti»®r ;s*Uvc-d is li.*.t w* -il strict ii«I<i


































Tiil» e-^ttsi^ioa oi r«is,tiofcsai;.- is tik« routed/* i..ofi of "tfc-* l«<tsfi* ss^^tiso-cis*
1.6 Cfe&pt«r ill j.>r::-jit..tu-- * i... tiiod fcr ^aXiiitiOi; -ui t.i.M i;.,^,';,i-tur®
1.7 €SB»4--«.er IV ^^^''-'S -' ts »^ ^twtiipd for ssoltttloiv whick utiiljua*
%&& dftir«l.o.jE:et.te of C£i^pt«r lit but «£id€l^ dio^s c^t r<^^u.. r« ii^at tu«
dtstfcfci field pftttarri ti« e:5j.-'. Lcltly ex-resi-fec lis f lutet1 cms. Th«
«t&Od ia fciv&ffa :. U l~. U&ts oi «i -r, u. j-a..- 1-. c ;. <*«¥!«« fct..„ :s '«f^ ^ « « \. s e
p^.tt^arfc ftJtui t**«» ctsti-.tii flsld peilierfc*
;..v Cc3:.clut;-u^.& f-ivd «ifa-&M',« at iaetJBCfdS ^r® pr«9if>t.ted ill
!*.•»« r. re paaC' «j^itiua<i in fo;:tJK.t«8 t£*rougiiout the p«.par ^•iiars tJce
eutiicr a>i.ii-ci'br«d suci^ ea^x&tijstt^c]^ axjuKKJa^ct, iv'p«E<aix II pr>»»a&t»
utui « oo'U.ect.^o£i o2 a«tA oc ti^«s» fur.ctict:>s cbt#l£x«d lii tiu^ eci^rs*
oi' t&@ iiiVestigftticfi, £x«arpie6 of Ui« use of tue &cU>C'd pro^osad ic
CUiist^-ter III Rr« siv«r. it Ay,-«i.dix III, :<.£>d »j.«e.i3lH?» of t33« ft«tiiOd of
Otwtpter IV tw^ '^ .r it A,j:/wiid>.i I¥. A)..'.-j^«&d.lx V osstitftliia t^^b. s!& ^t^





Derivatloo ©f MsV^at Fiald ifqurtlcri
2.1 For «i C03iplet« uod»rat*tcl£i, of tJi« r«i' Uocsiaip L«tv<K»i
tia«& i&^:&cVare ..dstritfutioc ftfcd ttie di?:t.';,i5t litid r&dl/tlGi'. jj&tt'iri:^,
it ta i'irat liecesf-^'-ry to vstubliab tk« corr«i:»tliif equeutioii, The
4eYftIop*et^t ii«re presex^tod is tik%t oi J.A.Strsttoa sxid Dr. L.J.Q^ix*
feud cf S, ii.£eiiel«.urioff*-», *>-:ucfc oT t*.** derive. tloii njcd ftpplic-ttoja
tfixis dificus&«»d b/ tue Ic^ttt Uocssj'j^der L^i've Johi^Bioti, {i,S,h,, isi Ma
Hs&e^f (5) sub&itted to t£t« Joiu^e t^pAii;^^ yt.iv«r&it/ in 19 -i9. tnis
setTiOd cox^iisi-B ci dirfcct iiitefcn-tioti ol" Me3r»6li»s field ©quatiofcs
&/ U^<s use of Uie vector xoi&logu* cf Gr«eiJ*e thecr«M A&d tii« Xr&.in^tor^-'
atioiJi of t£i« r«i?ult to 6i4£l/tie rcrs.
2.2 The Teetor atseiogue cf Gr©eii*R t£i«or«B le
V
^ s
wu&T&~P tbh& i« >;re vector lujuctioije of ^sitio^ coiitlimous «:iid wi'Ui
oo&timioutt first ai^c &ocoud (i«rivr:tive9 thrcu|;i:iOui V @Ld ok S. Y is
* tlvi, troa. '. , g,. i^ a to. c 1i^ g- n (l), &©ctictiC 4-14, 8-14, i»-16«
* ^^ctrojfcH^i.^iiUe J^.^vo£ (2), Gueptar II.
Grtsts£i*g tJt*?or©& in t£i«4 lorff_of J[','._Oi) is oiDtsir.-scl by fi.pi.'.;.jfii^ Uie
div«rt,»ice Uie:;r«: to Uis vector P^lV'xQ)*
(a) (l^.(px(VxQ)}]dv - ([{P^tC^x^^l-lfiJda.
£3C{>sJidlz% tC(? voiuite ii;tiBgr(-i.d of (..), ip« ii:'Ve
(i
V
^^ l'[{CvxQ)-Vxp}-{p,v<(^x$)}]dv = ([{px(:vxQ))'n']da.
luterci^.'-ii^^ii^r tLe rciaa of P ^^Cid ^ 6t4i subtr^i.ciing th« recultfti:!







2»$ fecx»eii«e field «qUi;>UojL£. :£ry b» writtec i:. ti^i;- ict^..i*
Vvf -
-.co^H - - J*, a.Qg
V-e - ±p . lain
flelei vrtctors, % aiiad B, oU.y ea b f&ctor e iiiid tiist ott evesry
^ol£.t ixi ^r.ce U>d Held ectori^ ctre eubject to t£*ti£« •qii^^ticas.
Hm *|tte'U.ou» of cciut;.adtjr, obtnii^sd by t'^i^ t^« div«r)t«i^e« of
{£•02) fuUi (x:*0«b), r<d^r.ttt tli<ii reel &r.<i fictitious** current.^' t^t^A
Sjaoois us--i<i ill tiic: davs^opfc^Bt (sleo listed in Appendix I)t
Jt Vector iiutezsilty oi tae «l?i;ctric fi;id
ji vector i.iXivUii'Lji of U** »%.c.<<i!-LLc flditi'
if e4.«ctric curret^t den^sit/
^ electric cJifcr^e sifet.il ty
^ fictitioue aft|i;fcetic currei-t d«iic«itj<Mi
/o* i'letitloti* as^^is^tic cii*r£e dewdty**
>A- pertts*.blHiy of epcce
C ijors-ittivi t/ of &pfec»»
00 et^iii&r v«docity
k pJ^aS* 00£<st)»bt
*• J» ai>d/»* er« fictitious Jia&i^titi^s ias^vit^ so ii,x39o»a piijf'BlG«I
•xi£t«i-c«, l£» ttio develop* «fct Here prwseiited, .£r:.dtjr*Ty dlecotitirultiee
ill ii, r.£id~E'«ili t«« {isi^^ecl. Actu/.lljr £ y^i^ytici^L i£<po&&iiuility, Uxi^se
di sconUuii ties woulo £>« gei;i«rfct«d toy pifeiyslc&il/ «!xi«.t«fct aa»rffeeie.
dlEtrlLTitictji oi a^t.^^'^i-c cu.-ract s^i^a ciiarge.






2.4 'ih.e vector £ £&Usri«&
&^istio6 (2.06) is oDt&iiseU ijy takli^ tii« curl of (2,02),
2.08
*£d subttituti% I'roE (£.05),
«dc*i ii> tue B.^- ?.ii (£.06) 6i£.e« k^ = uj'ejJ^.
2,6 liie vector H sstisliee
VxCVxTi)- Ic^H = \co£ J^ -^ V X J
^
Ttoicc ii> o&tfcifeeG 0/ tftkififc Ui© curl of (;:.06) fttd «ubatituti^
frcd (2.02) in ttte Ksiaaer of persr^rfapH (2.4),
^.6 In (2.0i) w« let f"" = 2, f,rid s ^ff^, i-u-.r^ Z ie r uuit
Y -ikf
v&ctor ij;. ii. aruitrGry ciir»cUoii fc.Bd 0)=^ *. tiie distrtxe r,
fi«ftSRtrt^ iroa tne eleaect &t (X,I,Z) to tae polat of ob&c^rv&tioc fet
(X»,Y',Z») say be wrltteii (Fij^ur© S)
r ^ a/{X»-1)*- (Y'-lf (Zt-z)"^
. ":as
3it.c6 d) = e__
, M4
JkTv
* iitr;.ttoja (i) fes<^s • f.-r Uie positive tr^veli^ »?.ve,
iiciieiiUfcoff (2), fcs do «o£i et*<iii!i««rs, ae«« •"'•^'^ . tfce It tier i
Ui&d iii U*XB «3r4:.
,







(^:iac« "» 16 « csTi&tiiat V factor, V-a =0 «£id (v^'V)^=0 ,
/.7 l£xpr®8aiJS4 (£.0i) it. ^erttt cl' tue idetititis? of p&rs^rcipli
fe{k' E -H ioj^AJ-vxj^J-F^ak^J-f-^Ca-^jf)] } dv






o V^ ^ T. 4; X V = C.. > V
/., X$V" >V - p X ^7 > V
h (.V. §V ) •" -^VCV'^^ +( f^ 'V)V -{IrKyY^V
e 5)V(V-T> f .|''>{t -
o-=ip(v.^v) 0=fc-V
^'^ r X V - "Ci^u.! 4 3 S ^
.kh'Cc* [[^xV't i?$J-[.bx JV V 3f]l) =
cl
^t>L(W-^)V-"5jl - vb[^*tx'V-$X^..,;j( .fc
J A/Vy - Ay>^^ ;: y^-A ^
$v.~> =
.vfc(l.VXj)V-r)|
-f vbB(5y^b)V[- vfc[ J^'t xV~ jti|u:,Gl-b




/[vxj'^f ]dv = f["j»* X V$]dv
1- f][« X J*^] da
.
'^ V s
ApFiie&Uon of UAn totmul^ aio»e «.j5>r*6fiot or tii« vol5.iffi© ii^U^rel
of (2.21) a.£




















5.61".^ X > r7j( - vb[(-$V''*T)-?^* r^v).]!
.




2,6 It eust £«« b9 fictad t£u&i "Q^:^ & !»«,« a ei^'ul^rit> ftt
r = 0, So dxc^uxift tiua poifct, circw»scrlD« a epfierte of rr.ditts r
,
i!*K.*6e surffccts is S. , s&out taii pciiit (X' , !f», :- » ). TL?; m^mal n
i» cilreci.&d out oi V fttaa iietce r6idLeii;y tow&rd (l',X',Z»). '^ is
a uait «cU?r ciir#ct*<i irote the source toward (X',T*,I*), aence
on tbft 8pa«r«, "E = r^ . bo» tjii« voi<«.c ¥ is tcunc^sd iuterrigiljf by
tb« zurtsiC9 S, iifcid fextenifciiy by S, Ttoerei'orc, tii« eurffe,c« itt^j^Tsd
of (:w.£4) eutt be coii6icJer«<i cv-sr S+ Sj*
V
Let u? coEisiaier tfl,e surfsc© iiit«|(,r*u- over S, , Tii® ltit«^rssl cv*r S^.
of (2,2:6) ©."/ b« wrivtofi
-^^
J
E-da+ ik§. JEdaL 4- lo^jx^ j(:n'xH)da, g^






H - rt (3.r7) 4- r. >( 3^rv)
10
ftfid te€#uaa, on S/f'-,
li. i4i«i iisjit &£* r -> 0, tiiis v«:iu« redacec to iirE (l',I«,2»}« H«»'e€»
y
•xpreMdsi tii« «lectrlc iield vocvor at ii^ ii-^-;rior point of t,
I&t«rch»(^lt^ vectors' l«ed£ to i^ ccrrei:poJuiiii«^ «x^.'r«ii.^4o& for idt
-X X£ja;£CnXE)|-C^>^H)xV$-CK.H)V^]da, laJi
£•9 If .'A^i. curraa-^te eiid ciiei^ss cefi b« «BCl08<id sitidi; a
8pi»er«a ei litite rv-diue, the fiseXd is r«guifer ?t iKfisiit^ 5,x--4
•it^er iiide cf S &?.? b« ciiGEeti .-. £ itf; 'ii.t^-.rior".
2,^X0 Sw^':;,otfo tJu t ti»ffi Uii-r^a ^-i^ii curr'si-t dietr^iaitloiis ic (;..„.;7)
&r« ooiiiflbistl to fe Xjuiti x&y<&r ou tjue i&urf&ci& of S. i» ti.6 at^'^^ ^f
Val» I&y«r diaiiiiofiisa, Uie G^etsltiafj te%y be iccre;. ted. *r.f! it ti»«
liaiit, tfi* voIiHfte ci*usitlas fer« ropl,. U4i<i tijr surlace aer^titiic.. If
» V$ = - V$^
,
si^ere tfits prise i^bov« tii* gracl^i^t op«r*U>r
a««ot«8 nilfferttEitiatiCfa witLi r«sf»ttct to t**© vs.rl->i.E»leg et Uie poist






.Ti'^i" Ti^ii- If'?*?- ..
V
vb L iv> -f C1S7>. T) -i ^t
...u 1 -^ - C^^X)
H
1- v
uUira r-3iiicc. V contains rx? 'Jti::,r-$& or curvm.X »fitiiif- its ii=twrior
or OR S, tjutf fi«Id ei.t tu l&tarlor poiat t«coai©«
£o« let tt« source distrlbutloB of ©Iwcti-OBftfcn^tlc «i.«ri];y ©xist
over «4- fiiiert-ur** deJflKed &a t fitdte eircuier 6r«jR of ruditts "a*
1& «j,>e.c«. Ti^e s^ertura is i^.i elded it tiie dirsttioii of tne M%.j?.tlve
ison»ai by a i,^«riect so^toriHUit scres'ii of radius *?r' tjLit)U|;u i^iu,ie£i
tL9 vlectrosib^cetic «ii.«>rfi;ji' ct^.:xot pnts. Got.aider Ui« d^eo&etrlc
cetiter ol Uie «portur© sa ta© ori^iti of e Bprieriotl coordifc t«
f/st«B, Itie j.'Oliit of ofceorvatioii [X* ,t' ,Z*) Utejc tiscoaos (K,<f,^),
(Fi^ur* S) Slace oio./ circulftri/ ajmsi^atric &pmrUit9 Gietritt*tU;iE.£
are rxj?; feeii^^ ooj.ffildersd, *.xiy distritJutict et toe r-jjerture is h
fufictlosi of oxdjr o£« vari?hl«,i0y ij:^ of U^e cocstent f^t$rtur« redlus,
t&9 fix*<l o L*..«nr/^tioB poliit*» el^^ctric fl«ld vector, £ {X fX*,2*),
«ejr c^ ejqr^e-ed ?£ fc («.»'^}. Equetlofc (,':,£3) jbs^ nc*^ b« »ritt©i»x
2. il Slfcc« «qUfetio& (2.30) bioids oclj If I'cPd ii er© cox.ti:.ucus
fioui a$v« oor^tlffucus flrf^t dorlT^^^tives hX ell poi&tg of S, it c«Aeoi
be oirectLy a,,>pil«d to tti« proL>l«ni of ria^di&tlofi fx^s^. nc^ i^pdrture*
?e oiutsiXt ttie re-^uirec extei.siox:., i&t u& coeaidter Ui© »urf 'C« S,
QlotiCKl «t li^fiidtjf, tc b«!r diiviaed iut£> t«c zoues^ &, ^t<ii S^y b/ a
cio£»d oo£.tcar C 06 S &.« in ll.£ur« 2, p»'4Sd 12. 1* &jrid E* &.r«
eoi&tixMous, titr^ cortliaacue first a«rlv tivoi, i.i-d sntiefy (^.02)
to C^«OS) QV»r uita S| s^iiiid S.» i^At ti:.& co&po&«&t3 oi' E iei«d & ^uicii
«r» trf'.t^ftfetisd lo tj-e surface txe «rabj*ct to 4 <iifi<X'iitiu*ou» cuvi^,iig«
OB croe&'ii'^ C. Tfiie Uiscotti canity cer* i»is r«o:'ii!cli«'d islUi th^ fi6i<i
V ^ v;:*c,)3
f¥
i-b Li^^*^"'^) f- 6Vx(:iyn}-f.|(Hx?;}A;c.,iji ^- -~(<»;.?J)1
12
C£if;rges or currents &bout C. Ti^is .liu«if distriioutioii coetrlt'utcE
2.1£ tottler ( -i) DrOjX>£ed © fretiioc of det^i-iSLliiiEg ?. &tiitsbl«
co*.tr::ur u.i£vrxfcuLior., Aii februj,'! Ci.;i:^^& ii> Uie suri.-.c© otiiry*it
fifeur* E
udei£itgf i;:.^ ia^ii«Ki bjf Ua« ci&cci.iiiiuit/ tae tri^t^LUaX co^f>o&»ctg
or lid ii i'Uf ^er ou croaeia^ C. TLe tsruitiftirii of « lifife cf
uurt'-.i. ;-, XL. tun.., c;:£i ijfc >cs,cuiited Tor f-ccordixife xo u^a 6qUi.tiojs-
oi Qc-i.tiiMitf hy ^i:. ftccosiul^tioxi of da^r^e oe C. Let des &« «ii^
elfi^erit of i.-;B£tii slotg C ia txie |>OElUve airect^^pr; tt detor^iii'^d
wj w.t.r jjoi,itive c ii. Figuris Z* u, i«i «. unit vecv--r u Ui'.- •a-uriv.ce,
jBomfl vo d« ^:x^ £i, Siiid ciirectfed into tote I. The lice <J«i?isi tl e
s
of electric slid S'.4:telic cfij;;rfe«>6 will b« de£i(f,tii.t«d by 0^ .i-d crr
^iiteii
-vi^s e-iiii^.Xior.s of oox.tiiiuity, (2,06) tr..d (i-UD?), ae efj^isc. to
















,-'bi^y^ ^- (pi-,K; ' 7<
»iisr« £. s ©ifccti^ic curreui Buriteij aet-j.itjr,
t."-' = .. ff^i-atLc curi.'**i-t suri'i^ce <ie«»sitgr,
Mo Ik !.-• electric fl«Id Elector at t- fixed ooiut retultiug frc)«« a
8arf«c« c£k,t:i^e dl£tril>utici. is
If S is CO&ei cared bs S, - S , wa r« C is & Got»cat.tric circl*
lii^de Cy &iid 3 le i.; lowed to ftp ro. cii ", , \.i: Ui» il«it
io(X«Y^Z) J-ifeCoctKt. o-d,!,'/), Ofc -ecotiii; asy i-4^a th* Itt^rai
iDcccsiCc c:a.i.l staler dei'iacQ &>• s^ coLtcur iEit«t,r£i. Iiii& ©;5;;twur
Ir-t-s-i-.r:-".^ •Jsocrifc-iS tiit CL-t.trii.-utioi- cl U^.e ejii<r^:« t ceuKul . ticji o»
C \c tae Jia.c:cLric iie..u vccVDr nX lae iijied ot>s.wrvttiv» poifcit
»ucii Uijit b ( ds ) is ^t unit v..-vtc'r, (vsr Uie suri>-c« K , tt*© Vfricter»5
*. Co I == (;;x-*,>i;.;n
,
(A ^/? M.H-JO -. uHx7i-,H\p;}.^r; =
-TuM
.
('V v j: ) ('3












Let B^ rsspre^eut &ii op«.q[tt« scr«,a over -s^iicii & •= I! =0, tu^^
frosj (2. SO) a.-4i (£.4?) «i»y b« writteii tiie «h:iU?.^iQto for tii« field
-JE<-^<B1 as ©tsowi ift /l^ure 3).
2 Z
Slaiiftrly for tJti« jeafc-t.^UG ti«ld viJttor dle^riUitiot,, w* «riWt
-i-J- rr,wc(nxE,)J-CnxH,)KV^-(;n-H,)^$JcidL.
£.15 Ti;.« Xurtiiisr dcsv«iops-.e:-.t •;.;! »f|\*.fl.tioriS (2. ,J6) r.rid (-.59)
*iii ior t*4ti preetjiit «;« coiiXiaed tc circuiariy f<yB:fe«»tric, -sitR*
polarized i at<d h oistrlU;itiv):is, Cdiice ojlIj lb &xjd E. &zi£t,
tiie/ «L-- -w srittoji i.r. ?. •> :.fli fcT Let
K = M (^, a;i J" , iklL
slid Viifc 'i»j;«rU»r?a i& iii U.c (a, 1,0/ i... u?; z*j i- = *... (fit;ur« 5)*
titiyi& uijrectioL.8 lu:«p<Si4l6Bt of %^v,.% kj^ ere dellu'^ra by:
^
-la.
u ><^ > o
31 > -^^ ^- TL-
.>^^L$^('^*3}




















1 "» 1 A
^ di = p Jo 6f
FIGURE 3
R^- - R COS '^^ - l^ Sinl- cO:> Cp,
.-. cOs/5 - J>inO cob(>^
-cj;) ; COS i^ = sirtO-cos c|>; cos «. = siKv-O" sia (^ .

1$
£.14 1/io firtt iLt^risi In (2.23) v&fil8»i«6 btsc;.tts« ot* %itit
ciroil&r sjfwietry of Uie feperturai aittrioutloii, ( M • de )
ea&a^iiE^ i** p sirs', .^reuii^i tfas ccatcur C. ^^©rero re, \;e »rite
S
tba I'Diio-iifcfe ^eo««tric .;. r«l.s,U;>ft» &re obthifiec fioa figure 5
Xi - i Sm t9" Cos ^ •»- j sin© Sin Cl) -h <c^y^^
/. j X To = icos e- — (c sin©- cos dp
,
«jid therefore,




.b^^(^-> ) > Ct\ ^^Zt^'' ) f ICh H r-Mui .(^ - ^M^,^>3t7^
J'




r;.. i - ;i.




Sua{ititAiUi-i& (ZsiZ:), (2.44), (^V45) iiu e-^ii&ticitt (2«42), »«
for it* oi&V<j>t fl«isi »ii«i"e r»> 1, (l+ ) -> I ,
Tuerelor® (&. 4€) oaJE. b« rmmtitx-eut
^ r
X *- 5 r ^
froa X^ti ft.?*:. St;- try .1' figur* A
dt. ^ ^ 6jo 6(Jj
r - h -0 6.1
-B- <^^^{%-0)t (2'or tie dist at fleid
SB^Atltut;.!^ ti^ci^e fcS'iiirti-j.uai r«iftti.>t*w i*- (2.4^), ^e obt«^.iikf
^nA v.
a. 2-rr ^ K 5"
liti «ii.icii t&e li*fe 1'.'. ctc>r is i- ^eet: itciuced.
^ A 4 .
ka ciii6"= w, eitu'.ti.oc (£.49) uecrces
. fob [ ^ ^ if.:j %cy\ c 3i - ^ i oj TX ~- . ^- +"^jC* lY^'t I ^ ' "- ^;^J^ tr
' ^
^i*'^ <«.











irott. ^iifix,jt© ijtd. aKde (6), zn^.^ 149-
2Jr fro '^
feiid ixi Uie Ck*£;«r ci ii= 0,
/^^•^
-r ^ s I I iwoos<p
Sub:stitutii.,. (,c. a2) ii.to {.:. o^}, we obViiij




-2^ , fciiCl lor eurcadferly s^f&iEs-tric iipert*tr«
** a.
dietriUitioxiB,
Iliie is tfie x:;x« wii-cia siU be cc'nsldoreo for iuriii^r GOT^uOt^,r«r.t
of & iXilutiOK,
2.1T It. cca-,j. taiy per?d.l*l laataioc Trcs {£. cS?),
-
i (u)t - >^fO r _ ^1
A,
£i«Id c&fc b« d©t©rj;iL.«c t>y ccj^stnictii^t; the coapiex Fe/utii^ vector
wL^ir« h is Ui« cc;.E..:iox ©-i.^u^'tt • i' ii. liiig corresponds to tJa«
ITX,
7J:
.'^b C^riii o.-^)„l ^«^,''\>^ ^. t i =(.«,/(} a
=
fa









6 = £ X H
2.
=f|^[(^I^^^XC=i*:aLs;^a)d2J|^/t M(^)j;(« Ka^m (^d^]](& >^P).
If ^ ig «ft&.iI-», ('?. ao) beo:«>«i&
[\+cose-3 i^




ir.ce |HU '-—- fwT j^o^fri»«d pisiifi *4 ves, (2,S2) »kj t^e
is*i =








Ii.v««tig&ticn of tal» pr?>bl^(* udtia tfe* r«Btrictloa «?t. ^ r€B:iov«Mi would
l>« vtsrar iiiterestli^ &jr.(i *il.^ be c::i.-.s:'.. red if tii&e pers-lts. rfcrej5,r*pfi.
(2.i2) fcpt.rii«s tae r«&tricUot. -lL<;e<I mJlci* Cfc»a,ot fee x'tte,'; Ved usitifc
H /. J - o





i "^ "^ s:
tiius frr-a, (E»6i>) it is ii»i;.iu -tiie.t for ixsl:^jri&&d piisim «fiv«s
(S'*1- ~-' - iH / n or tft© s.«ft»iMr«aL« e&et^y i« pr©^^Ti-:'rtto!ei§l to





i. tto'Ufici for I;-«tei»i«istlo£i ot fipfer%iii-i» Mstriiii^tica
i,X Cbj.ptdi' XI d«<&lt vii^ Xae 4&vik,cspm^Si&.t of turn iz^tegrisl
«q»astii::-fe rs-v^ticEasiilj l>«t«e«sL Uie digt'a.t field v^ct«?rB E si*4 1
«&d tu«ft &;..sjrUire dld.rit'Uii.oiis 1(e) .•..i-6 5*.(s), res'tricteci te
aiiero r^ t« it. tL.% dlBtp.tX field, | S*| i£ yro sortloia/K,! tc |E /,
I
6
S«^ Ci.tt ^}OS.vlbie sttplltucd diiXriiAiXlQii at t^« «)tp>ertur« is
1(a) =• I, - ijos:.$UiX, Tfci& dislri^tlou »lil &« &&9d te c«t«ra.iiMi
t&e fiutiCticb^i^J. ue^<ei^«i.oe of L iiv oraer to brifig equbtioxs (£«0i) into
I
o
to it.te&r5t« (^.02) we c i- U8« EordLe's first flElt* irXni^rml*
i:j?rH)>-ijK(ro)>-i]
•IMt &««.« ti^e folJo<ric;£ iHlL>£ititUtiO&SS
zz sii.-B
y
CI = ccs^ d^>
V) - C,
J30tiii,i«»si U.t«^r?zl (5.0 s) that, beccitfesi
\
.\ I
^h i^r^\X,,.-i-^}J.(j^-.\l^\%'^ - ^''\^!.;B
-irt (6 r.''k ^^i')J-> 5- (^ \, -c- I - lj^,>t j'5
05--), v..







fuiictiOii. of (ke sii.^. liiersfore, ta« subsUUitiofc (as 8ifc6) = x
will i>e »»<!«; ftcd !-(&,©/ *•- . ^^ ....i-crib»d rs £(x), r«5.ei-^t«*rii^,
Jac^wever, t&«t, it ?..i.sv d%;«iitle o£. H aiid ^rs Uiey occur iii (» Tiaus
ttt© 4i,«u*»rci «qu«iUos to fcfe used Jfor circtt.l.2=Tij sorftsetrlc aperture




5.i iiO» U><ji &?,&^ie Ittegrfttiot of (5«0£) by tL* Ui»« of (S«05)
girms rli^ii Xo & prt.cUcei ft«tibod of gclutior:. Per by tii« v»ry
^iihr&ct*tr oi Souisx^'i: ioraEuit. (i.Oi), ^i .t a-j--L l.. c. l:i^ for&uia
(l-a ) ^tHBOA^s OD& -d e^jud Kereijf j^iv&e & £.&* vr-lue of n> ie (l,Oj),
X «i^ u r«taitiiri|j Taiuas orifeiw^i/ »a6i.gi:»ed. Silver \,g/ i.u ^>ei.c*r
(9, iO) jun^v* tjr«viousiy reccgiiijed ti*« Tsiu* of Uiig iti^r* ticn
rttfrtrictcKi tc ta* eii^gie tens (l-« ) •
5,
4
Ta« prct •,•. ^, . -...i.-telj at Letd le tiaexi t£# tx^, i-«:.c-. .t.
of & c i real -r-.rlJ sjpk&'atn.c e.jvorture ciietr. butioc as « fufcctioB of

















3--^ J = f<
It i£ 3i9ig»f«l to Eote tttX «ii©i..«T^r tlz} l» «& ictft^er, (i - a )
^
c«r. be ei^.'reeeed in & lifcite ^lac^r o£ tfei^.«j, ^ut tiitftt i& frscUoiiffil
"iA.,.'..i^^- 1 («iiiei- &£ii lMi«i& sfeotBSi r.&c*s&^rjf iti «<:ie« €-6'ss., A>,eiid.ix III,
»teri«« «j^'re»sio£ie lor £(x) lL.vcirii% frectiosiai ^^Qi>m^%'»f i'X.t
fr.'.cUcii6J. «xi.OL.«iiti: &pe uecssi;rjf in %ii'» expraesloc for 1(2) tc
ifc.cLu<ie feii (^oueililiitieQ. If t**& i j^^.l. ; tloc.
2.5 miL I (1) *x<^r*«K®Ci i^s ifc (i.07), e>atlou (i.0€) becoaett
^» m&^iiig Uie gubstituticxi 6ug.c«sted b/ par»»^rf«ph (5*5),
t = &i.i. ^ , tills ititr«6.r&i 1& {Z.IZ) beeches:
2r o
2.
(j;cKsin^') sin-a-' cos^'-a' de-'. >..i.
wtiicjc* is r^c»fetii.«ed ^e tir*« it.t«sirf.i is (i.OS) «ithjx.=i c, cud
n) ^ "^ . liisrer^re, uaint^ (£.05) c^rwi (5.15), (£.12) becEeej
-
- ^L Tn-hi (>0
?br»ul^i (*.I4) ib tiue br.;sie of tiie solutioK of tide uvrctietiX fterttiod,












fiiiictioB*, »fe dafiii«d by J&hsAm ms-A Min (6), *;ill be ij^treattc^d.
* »
Iii bc-tja (5«l4») aiud (^i&), fa= ^tlt'--$'tj •.. , ic»it for tcs pttrposwwi
of Uiis «oxt. ix* ext€k&sioii of ti^tt dofiidilob of Jl^ to iitH'II>li«tt»^«r
v«lu«s ol' c Is i-ece3?::'.ry. For^u-L^, (f.ie) is oot*iJu®ci direcliy frcm
tiae &«ri«3 Udfltdtiofc oi" J^ (x)
tov (5.17) C£t; &^« «xtai.d&d \^ tu6 Cv^e^ for £ c«ot mc i£t<££«7** bjr
«Kplcji£^ Gftus!0»« fu-'^ctioii TT( } Itistesd of p:« In tiie c^iS* p la
&£. ii.tf^«r, ,a[=Tr (;0= r (..4i), >-t^.t for ui ?, TTcp) = r ('• -•- -)•
¥L«r«fcr^, it is a io^iccv^ exi'^.fi^oti to d«fi&e
Tiiis fuctctiot^ is furtNuer ejiffei&«d ici ilt^p6&dix II
•
5.7 kiUtitiofi (i,I4) c^i> i>e furt^^ar «i»plifi«di
















(::« 1- n ) I >
iA
II
^"^J l^t^ • *f(\
.1 t I VAJ










WAS i>&sed ot. tii« »»5mled|;« tiiiit yV. i. (x) Is iii« first of tii* t^pe tetii
a.
w.-.i. v;'ccur. lLt»fcr&tioii cl" (i,i£), wuitii r6Bu.':.tg it. (S.20), requires
%L.tX a. tiMi y — i.^ h.muQ<i, r. = ie t^^ ixxtX tax® v^cii e»i:^ be c^i.slderfjd.
jiKid ti*» c;i&6 for fc = reiEudts iL Jl 2, ( x) . liiuailcB (2«2:'f) Is aiit
laportsii r«suit, for tite iRt^r^tiot of (5. ;6) &s;s givfci- i eli^Ie
suGBiSiallots ot JL fubCtlo£.s of t*ie t^pet





^ >» 8 o 2. 2
Sicc» & l&re,« liUjaueM- of OLi»iai.i field p«.ttert3& DGC»*rriiG£ in s^^t^^ire
£ire just 5UCU expr««siG£.s, aolutiotie fvx- sucli pfttt^rcs j^tto^^e ver^r
«i»pi©. Gfac© ti-e 1
»»+i
'"^^ ' &u'T«i, suDstitutioii If^t': (5*07)
gives til© solutxcr. of Uie eptrturs* dis»trii*uticii, Tiie ©xtr«»© sisplio-
it/ of this fli«t{iO(i of solutioc Is illustratftd b/ several £x^&ples l£^
AjpftCdix III.
£«b iitti Ui^ results of p^^rf^r^ph (S«7), ti^e pro<#l«i& ti&e boocme










i O a w
X iA;> V
cxitt oi isx,jr« 6.:it.g tue glTsa. di»t«.f't field ps.tt«rii as a e«ri®« of
tii« proL.^ess ia virtuail/ so^vsic.. ife liiifc «itii tliis j;ru/i- -^. , tii©
results oi tfi«i stud> osjtpiied it* Ap.;**-<jl. cms II f r.d V,
b. Ssitig I ^^, iii ti.e »3t^>r«»iiioB for i(x), fcrs
ta^ ex^r«S£loB of iu^%} soIutioBt
!(*)= Zln« (^-^')^^ ,07
>i= o ^
c. I(j) ifc U.61* t-*fc r«qui.red ftperturo cii atrl tiution
to set up tue £lv«iu E(x).







.*.,1 "v == (*n
o err
V
mX Metiiod for Solution of kp&rtuf
K-fttritutioE. h^ ft feaUiaRftUesi Dfevic*
4.i Tiia dlffi<ail.ty of eryre^siri^; ta« oLsBtRat fi^ld j;«fett«i«
li(x) E.f £ series ifi V iuLcticiiS (i-ecetf -ry fr r t^« fielrs^d of
tile ^(^«raLised Lipsc£^its->£i£t£rj.el l£it«i^r«l **f
a^r(>,+i)
KC^ + v)) > c]
.
eiid tiie aeriYfiUori of ti.o dlsl; ^t field patt^sn* ss preaertsd iii
* SfetaoE (o)i ?&fc.e Sb4. jF, l» e cot^tioe for tii© tajip6rgeD»etri«
wrie»j aF.U,y3;/o;2) = f <^^M4\ ^"^
thiB &«ri«» la» disCUl»^«U iu S«it$4.;t. (u)y ><ti6« lt>0«
** For fc, cir«ui&rijr eyi&ieaitric ej^arWr© dietril^ttion, it tii^s beca
prx>-»<wi in C&ftjj'ttir III, e^u^iloiia (5,l.?f) wnd (2,i4), t-'<f= t .^- t«»T« ie
Lite i&y,,v^&s.l.ou. oX U.€ ftj^isrturis <ii£triUi\.icE., I„ (^/ =. I„ (j--? ;
c&uiies Uitf ttr» £^(x) - ^*I PM ^ '^ tt exiat in tii« ex,; res sica








• [P ^ {V4A|),5l]




n4.2 Poifflsob'g l£*t»£r'.I ^^Ox) ffi^jr t*® »Titt«jit
• v.-i
^ Ga^rM TJ'^'^t r^rt-7^Vl:=.- i.2i
(4,02) .l« aiiriCRiit to l4a«idl«, fcut it »;•-« observed Uif^t i^ »p«ci?'l-.
ilt«d tors of ti&« liitftfcJ''^-*' if' t'**' ®::6e H--' ^-^'^ \^ 1)6 ^f^y lfct»fe«r
o t vb^
l.&^ a=-l£, b-1, t=-x, •.(.<)= i-. li:.«i. (4,0->) »?jr fc« -writtcfc
I
<?» JL_
Attd fay CBei.:>t8r III, (4. )ii) beoo&efii
oo
:$l (e"""* E.Cx) dx ^ Ga^r'O) I C^) O-z")"-. i*-^

















fejLci t£»;i rifeiit iifciid fide ol (*.iS:) is e&sily iiitee-f^t^d uy
00
3/ tas »«tcods of Uii.j.'V'.i ill, (-i.ii) fc-^ k:- * t/e wx^:. •Lter.i




is otJtjd.i;«<i for -Ji-*'. liiererori?
X ^L^ X K







oo , to •o
" 15
Sj ta« ^aUxjd of QiRpter III, (*.r^) R^y i>« expfftssed
X(e'"*E3Mclx = ±:&a.^r(:5)I,(.0(i-^9 . ^^
Ii» feisiiAr f*6<iioc, "it IS- > t>e tu. »j- ti.^t





%iAisii. %t.3f lu« vrittoxij
Hi.?. S"- •• ('2n-l)3




.twj,"'-"/U t(->.c^-J]a . ,fc,*Oit*«'-J-^































aii*ce it »ft.6 ^^-j^VdsS tR Oi*&Kt©r HI Ui-t ^ €;;>r©uX#yi/ g^f^fes^ti^c ^viiisctui'^
(2)
of b«iii^ predu4;«^sj fe/ e eiroiierij^ sjf^eatric aj^'eriur* di#tri.&iat4oia
ifftxifefelo "x" in u.© «4x.-'re3«.ioii for 2, (x) «£ dssrlv^^ lit Ck^|3t4iT Hi i%

m.
©oiitrii&tiUoft lor sr^j x fer«!s.tor tJi?>)a this vrlue ?!Ii§ .a«t b« cciisl^d^r-
ed sro (actuf.i./ nac^^ vtlu«i^ cf at &r« »©<?rdr»gles?). But iii. (i.*:©),
aL i*e.-s v§ltt.«i& froa tc oo , la^rsl'o re, for e^rreei ue« ol (-i.^fc),
it.(x) aiiist express tLt? dit»t*;i.-.t field psttssre for telwes ot x fr3»
U' ?!!§ -.iua K*u&t, itt AcdittoE, fi^lctfit^ lie V fur-ct-f-n ^ax rcs lori for
vsiueii wl it fraa. 4& to oo .
4.10 Itiue i'ar »« Et^-ve cous: «Sttr«'<i oiil>' t&e real psri of
o
for vjr&i£t4 ^-rfictle^.^ prct^l^affie, it L>e<si:>£>«s n^cftii^feo'^ry to ftiEj.'jM.&i» ii&d
co»,.d«t« cch&^iftx T/J.ua of ti4« ifct«fer«i. *« eiisl^ first ftXt-jaite U*®
latiir«»&ii-g ^2?ii. ^sa-j^pia tic &&ri%&*, tne l©i"t {t.&jid aid€- ol ('is.gs)
o
BUiisliife Uie fe*io«li^i iEteij^rs'tiofc forsalB
^»t£ontm &«>s e3J-iCtilx«d l&e firgt ter^, (1^)» i^ ^i*^ bxiiofiisl t£iecr«s

















~ , • i ~ >it' ^_ ' t* I
4^^ .l»^b.-'Al
X ^ J^ _, i -^ <^>J/
£2
^3 LS " g.l^ 8-24.16 24M20.64 -^
lBt©iar'«--tioii fey tii® u»* of (4»S) gives











*«..- Pi,rfigr»pii (4,10) ^^ .vGibt-ed out tue ,>rKCVlG»'.i a«t&)d
fiou|^t*t Ifi tcis <;;;ii«.,^ ier* For if tti« r;;tlo Ifi t&o l«ii:o«i$il ttu^k-^rctt
•jt^at»icc ol (i- 2*) * ci Vt^-i) (t+i+k.}Ui t«jm» to e»cb otft^r i^ Xim
.i. -^
-f =^ c + "32-8 0*3*^
&ot»x iirfcCiets i J it. footwitet :fcu:->« iueifc.--L* ^©rtloii af ex,ta.ei&ri























ratio of tiae iK.t& itsras ie tiie liiteiiratiGa of
CO
2^ F^ CxV^** = E (x) , 4,J^
2 2
tiiOi. It iS ituoirt tQ.vt (i-^ ) is tee otHj fmct/Dr cf
^J^' [2 ^^^'^ H'** iienc^i, it ig kno«B ires (4.£6) fiiiiil (^.M)
n-i
is tfjft .«•-; erture di?trik>utiori. If on t.^.e rtri-T^r
asfcd, iJOfcs o* tfc.« ("^-iE ) trle<i fit ex^tctij, ti»is swai^e XiiLt
£{x) cofit&ifcs sore iis#5i. ote "?(x) in Its «xpr»s ion, Theii slffiultftea-
oas equj.tiojus Eust oe u&ed, coii^oeriiit- ^t^.-'Utid Iteee t-> ^iti.fer
4CU4».liy Oi*tA,ijL ji, soiutioi* or 4ip,rcjdastte n e^l-wtxCE to ?- guil'lciett
degreu cI &CwUrf.ejf. ilii«ii t&e cijjertur^ distriti^ivlos is «g£ii<s^6d
"LC^) ' 2-^ T C^~^'^ » ^^® simultKEicoiir c uslioiis tiiet »ust b«
cuiiftiderfed for n GG«„.i«t« feoiutioiii &r«*''j
p-i
4.56
£v^,Uf:tioti (4»;i-6) h!-;s baeii cbt&iLsd fey ftquetlsif tae «ta« of
e/&»tiieim'%s oi_i iju ti;e bific-alel tii'soreat expaiigiofia of tii*
coBtjj^ou i^t teras J[ (l-x ) is tte &»erttire dl^^tribytios tr tu»
If p taresa «^^«&r iiB t*i« aperture <iistrli>utiis3&, si" ©&^rg« ^ *ifi*«^














four4. *, trial efc4 ©ri^r js^taod ai' ml-^ciXug iti« *!** te us® iJ&
(4. 5e) ii tL.« o£ii/ sctiiod »&Dmi «,! U.e ;.r«»»»i.t lis.©. Ofegerr-.Uoa
©f t^<i i^isXiLCX^r SI & jiiottiwl I,(x) af.j ..«<^d 01*® to »?ji.^ t ^&€. g&ees,
4, IE li^* fe«U»oa pr«6«ril«i lit tfeis ea«.pt«r is ssiis-sjftrl t«<J iii 8t«^«
ft. Iac^>r«ss tap .Lr-Si, iri:r^ i (x; ?t ?-. fujscticii of x (4. ?i>U
h» Mttitiplj £(x) JJ/ e''"^* ^iM itt»ir«t«> c.T^r tn* limit*
t- 00 ./jr uf.« "f fcrK.tj!.)^ (4, S3).
c. Setup Bi2.uiti.-cu ., .ua^.ous (4,54!) S4ii<3 s^lire for I"^ .
•• TiiS roeeitfctit •p-jjert-ui—; di«tr-tuUo3E» is t&m
la) = E r„ (J-^*)*'"'
I. :(*) ^^^ tJL-er. fee pictted fey U3ii.|» T«bl« s% lp£i«iRdix f.
£xaapi©» of liiS ssetx^d cf tfJ. s eii'r,>t«>r .".rQ is^n eo in kvy.^udix If.
«xt6i;u:^ed to &i;<^ijr to acre ^.^i^erU. li.(x). «i*ii« it iij?.'.8 m% it<&m...
provAd, it K.:-^a-irs rf..e.&orn?.tie t;--' t e distjuU field p'itt*n:- »»»icfi i»
itss.i &>..u^jtric&^ iiiiCi*!, tws axU^i'd^ia rwi-es-v. i- e.^is ii.^* i''«i..«it«Ki from
t CArctti&rl^' s>-fcA«tric ?v«rUir« distri.iUi.tion. 1 4 tiiife is tii« c&s», tii«B
aiXiy »>3afe8trlc&l dietriit field iJfitLerti *culd be efti>Ri»l* cf «a4..resfc:>ofc
as iti e^Ufctioii (^.2:;), u-g, t.L.er«i;.,re, i^.e r -tiiOii of tMa cfc'ipt®r ccuid
De uAcd ti- «f.'iT« for ttie sparture distribution ?Krftisr«P*« ('«»3)
requires tfest £(x) *i£ ueeid KiiPt sxpres* tr-.e di»t.-^£t fiald pip.ttierii for
clues of X froE tt. 2ffa .,uq iu^i ;„t.o e^si^tsiVt its V fujxtlor
»xpr«0£ioii for velu«g of x frn:xi 123. to *» . tetiiAi-t. li^= f: r
»du«8 of X > ElS- si^uid ifctroduce little srrc'r i£.to t&e rfc»ult»













the f J.crease -f x. h&cci'., If Z{x) c?if. be ©x^rr^ssod ft« *i fuBCtioB of
»qu^l trt f^:>P Yifl^ies 'f x > '?1^ , tii« us« of tMs £(x) ii* (*. 2^)
2T7a
JL( e^'^Ewdx -f - ^ I (^)
b n - I
||i« ufi« ol Ut» »«Uc?<i oi Uix.i. ci^&,ptar m„uid taet,- t,roc«<u>d fro®




relstii^ tfctt ciroilftrlj' s/esetric eperture di slrl tiuUoc Riid t£t«
dlet&ct fi#ld vx.'dlpX^oik pi«Ltt«ii& (^.^4) fen4 tfcc soiutioi- of %iilf,
«io£. £iac« s.li droiL&rijf sjrais«t.ric *p«5trtur6 disntriUiUoac »«;? i>«
ICO = Z ^!>±' <^'-^^ " ; ^"^
t&Ax. fill diet^.fct field pf.ttert.s 6e% u ay tar';s« circu;. «!?rly a/&fe«t-
oe
lft«c &Dt iM»«£. poasieXe lb all Cii»««. It is- I4©t «ir«i. certain, tfee^t Eii«ii
sr. ejtjjrcsfc'oi. 1« pcs«ibl« fcr «i& Lrhitr-ry K(x), aiua or,Iy "?:(x)
*iilCi* fcr^ !t«t up t>y CaTCuiiriy sj^sj^eirlc ai^crturs di^-trltoAticja* Ar*
JPtlXBli to SvRtisfj ©QtU-UoJti (S.^a).
^2 fhe 3jetfao<j »r«-j?eiii«d ii-. Qs&;>t«r ill, wuixn c-'X^ be used
oaijf »ti6i, g(x) ifc »xpli«i. Ujr «xpr*t=*»«4 fe» iju (^gi;), is v^ry ®si«|3l©.
c. Uaifee I
^^^
of (r.>£), ex^.r»es Ue) . . .. (ii.O?).
2.
^•i Carter i? ^re&ex>ts e fc©t*ic»ci «Cii.c*i utilizes tii« coi-cltt&loii
of p&r»gr«^ia (*«i) && its fouBd*.tioB. E^x^uitg pAr>i«r«pit (^•"^) to !:«
truti, n «nta«Bi»,tic®I cev^ce ig ti£*d, tr< solvfe for X(X). TMs feetfJDd
&&ft t£»« fciaiir&iitfc^© ti«i;.t E(x) Lftttd u>t iMi #at^. .reused ©x^«li«itiy la f
l-rv
e*-!) (S)l
^ •* c s^ rt
=: ^*)3
jtuKctioriS, ftS Ui t^« S:eti4£5^ of (2i«ptfer III, 'ou% aifi/ fee aa^jres^^edl
&eUisj.i/ do «jsUafy (5. £g} «&jf i^"t tee csfiSii/ asprsssted «Xi>ii€4ti/ ifi
EtsUiSc it thst it ig ^?t pcsstbl© &.% tiEis pressai:;! tls.« to r»cogEit©
afi l{x) tmlcn does Eot »«:iisly (*.22), ae^iciEg t&et it ifc Kct g#t
Up Uf fc cireaaifirijir sy^ssi&tric ep*ir1airfe di stri buti^fis. th& is«ti*s'd ol"
Qifcptijr TV jTellowst
ft, £x|>r««£ tli« ferbitr»r3^' K(x) «e ». iutictloti »f x ,
b. Multiply B(x) so earpresisd fc> & dy ^isd ittt^gr&te
over tij« iilSit* tc Oo Dy ti.fc us© cf
i (le) ^f*
'
c Set up ai»*iitsfeesus s.-^wtftti.ou8 siid 8clv« fer jI-»,
'
d. Solve icr I^^ :
J, gxprssi; ti.« fi.iJ=.^rturs <ii£trlbutioM X^g) = / -i-^^ C^-tJ,
n=l
^.4 It is &«Ii«»fed tliat fecy 4i»tsifct field ^mtt«ffi «felc^ is
SjfikaE®trie«tl about tae ejct^nded reflector ^xis «&j' &« a^siased tc
s&tlsf/ {S,2.£)| t&s.t is, it «ajf ^« ©.«&*iBed ta,^,,t i&lg ostt^i*
r«gultaa frc*£j « clrtml&rljr s^'sasctric Aperture <3ig-trj.i^j-t..ui-. If












Co., IiiC, lies lOit. , 1943.
£ii ©at.®/ i.uus*itt6e 1-.. tiie ^' vy,
(4) Kottler, f,, fLtiSiLm. ''^-r rhyaii;, 7|., 457, ' ?t^





' " !! II 1 I II I II III ii<» i II m il y
it c^i ..»<-'.;. &i,6. Co., Lit.! tec', Lcx-O;!;,, !.; ;.•,
(0) Silver, S., afelcro«fcir» /.Kt^^rff. Tki«D-rj •*-^-c Deg^-lfct;« *9ol. It,
fc.I.I. »*il/?.citi.t:c!X. !,?,&:•• r.-:tnr^ c;«r.. ew, ^c-or'-.s-Eill Book
{la} ^tiftt^r, A. C, gbwiri^r Ii.i.ej^r^:. feict:.j?d5:^ :;x p/^ti r;. ^i>sl>::lg.

mBaeti«lor of Sclefccs froie tii« fSs.T}sl iced^y. Sisiee
etilt«o Stet«£ fc&vy, frofc 1947 to 19415, he ^..tt^ad^
«d tae Oidtftd Strst^s i>»y ?ostgra4fe«t.« Beaool} mad

f«:bla of S3?Kiiol» (£KS SrlW)
«k radiua ol i\..eirVar©
J ai*Xt vfescUr i» ^n ferbttrsrj" cSirectiOE, Par, (-.£)
1^ ootetfijkt, pAr. (2.12)
C3 CO J4tour w>uiidLBfe S3, Par. (lUl^)
(je difier«J-U«si ei«»«Jit over s^ri>;c« S
ds T«ttor difiaroiiUfci elm^ut oi .mifetii jit^.ut c-i.tour G
ti^ dif i.erei.tt'ii element of vc.'U&e V
"^ Tector liiteiiPitj-- of -sl^'Ctx-^c i'iftld
lCl'»I»,2;-») vector ltit«i.frit/ cl &i«ctric lieid &t tlzixi ..oiut of
otHservfttioii
£(a,f»-^) «3^r«S£i^^ of I(X»,IS2*) ii' £p::eric«l coordii^stee
liAf-e) i(it,<P,^) lor clrculsrl/ systKAjtrlc &i>ertur« difiirifcuUoa
g(x) electric fiftlci vectC'T di^trii-iititu. in disx.?-xt apase,
£(x) = l{a,^)
2, (x) ttjisr, ii. ts4« ^-jr^is 101. of vXx), r«r. (l«9)
©""^ Ua€ l&etor
X fr»..'iue£icy
T dlroctrix. Use -tiiJ r.HS.ge lector of Uix)
¥ e»«ifilci«i.t oX x*** i& tLs axpr««;*io£* of Ii(x)# r:r. (4,11)
K
Q directrix, ti&« -"t^c rjE,t%€» fr^etor of £(x)
S" v«>ctor iJat«L-«ltgr of ta© »iig&«tic rield
i(XSi:S^') '^-ctor ir.Vei;£i^/ >' f Uie «/>i^.fceUc .laic '-t fix *d pclfct of
o&servstloa
i(a,(p,-e-) ¥(X»,IS£») 6X?r««»«d ifc «^ii«rlcal cooraiu. tes
.'I
.-tr 35?•
i ux4.t. vector it. I directioc
1{P,^) alec'tric I'lisic vect.-.r oistriUiUot over circu-...,ri.>
I(«) circui«..rijr g>ar..strlc "sepii-Udfis di»trl£»..Uoifj ol «dectric
ri«IC over "Uic *•.,,.• ertur3, ir=^/ft
IJf) 1^(3^)= 1^(1 - »*r"', ?rr* (4,11)
n-i
distrltutioii
JCjf») fictitious a^^artur* dlttrlfe^tloc. o.f Cii«r>ieir II?, ^^-r, (4.6)
U„ flo«fiici«fct of (1 . B^) iL «3tt>ree«lot cf fitUu ..&
j urdt v«j:.i<?r if: I alr^cUoc
J„(xJ ii«fc&«d itmcllojk of tiie first &iiul of ©rd^r &
^ «lft«vric csrr«iut det-sitj Y*fCior
•^* fictitious fj:Bjj,iitatic cur:efit dei..5ity *cior
it pia&&o coi^ffltsiiit, / = u^^ eu-
it uxili xr^pctcr it 2 directson
I. «l«ctric c-rret-t aAiri>,e« £isi;Elt/ v^ctcr
*•• fictitious ffift8,fc-.tic cwrr^iit surtV.e« a*i;.-iBity v«ctor
i(^,si) {£tr^a«Uc tieM veetcjr distrituticK oT«r circalhtly
ey&t;etrie -...:-• i''tur«« For circuisrl^ s/e*wtrLc aj-^ert^r*
di&tricwtiow
*(*) i^piitudfe oietribsitior. of K*ifcetic fi'-ld ov^ar M>f'rtwr'*,








tii« .ciut 01 ciiS". i.. ( :.<-•, I*, 2»)
7^
tcwrds (X»,Y»,2 )
tixdude tr^-..- . itt,ui.':-rity oT ^, •^i.r. (.6)
S« ooJBpi«x PojfcttEife ©ctcr, tae &%%& Ywiun; ©f tfe« r^te cit
ftl©t;tiX'Bs;jineUc ftidd i-s iii Ui« dir«ctloji (Ex a)
St &cm^ M%Lii& C ir^ plKxe cl f\,.;ertur«
• (X ,I»,7'), P4r.r. (2.tJ)
V (x) V fttuctlot. of order t, *„-x)= -Ajx)
n
S (x) f ftt&etioi. of order t, ii^-;.«X43ix II
(X,X,Z) rectsf^wu-tr ooordiLrte eyeta* ©f «&l€hT,j'» '»<3^ ar*
uivit ectors
(X»,X*,2.') iix©d ^^ist oi" olj»enrfitioti, that ie- Ui& potct /^-t WilcJ*
I Ifc ae- «tred it dlffiUst »p^c«, (X»,^*»^ )= (&><f>^)
s t = ^A
B &ju^i« bfttwsfe'i. It -u^i a







M- p#rK*?'.tjllity of spuee
TT^p) Geuet's pi fuRcUo^i, TT(p) - PCp + 1)
/^ «i metric c^srgo d.sii&lty
^
vector iti e^«rUti*e pl;,v.ji« Croa <;*»«i-Cisr of «i/«rtttr» to
«. «sfcfei.t ^.f source, fc-r circulsi-lj? ar^astrlc «iiartttr«
iiifftrii3'.,t„c;ag Oi-Iy >^ is t,j->s;iider«d
<r(^»X, 2:) «I«ctric C3itai^« iiii<^ dMieity
-iietrlfcuUcri
(r* ricxitioue .liB« fi«i.s5it^ ef s^hi^g^Uc c*.$,r4t«
«^X 4if ^Zj













A^,/x^ = TT(^)_Z: , (safe)
TO
fui.ctiat4 sill i^f «.-.i. ., «a U.w V £v>jact:at. xe tiu';.?. ^'rsy-r,
^ ^ A
tills siefiiii ti'.>.- iJvSi..-ii e:x«Ji»-.ii- W-;.- ris-'^*oi yL^u.o«<i;, i x^ i- Qt,.ur, fcr
1^«5£« lUBCtlftCa «jr« plotted flsCd tiilSSL; ? ted i& jij-^pSi-wi. a V.
























. 1 (x:)^L £> ^ (x)^X y ^-.?:. =r (x)
45
= - Y„Ck) ^ j;cx) [.H5-93 H- ^} .
J.) a ( ^»^xj\ ^ _ T^+^cx)
^ ^ 2''Tr(:h)x ^j
dx ^ M'*/
/. d_/'2''TTCn)j;CA)\ =
<^x \ nx*^ y y»>1X
*^X Z v^+i n X
«* T*t>::®& oi Spheric?:-* sJ s&cei. I'iui.ctict.4, (12), p':-c'5 :^ii»
*** W^(x) is defined by formula (a). Its values are given in Table 4
and Curve 3 of Appendix V,
-/v.





i^&d UjStlS.g; foi^.wu.a, (&i}y
iL_[v„cx)] = -i;w^.
iiVriittcii (1), py-fe© ^2i'm




^ >^ ^'•eK^b {tn
4T
AiP-f «M.x51 X III
isOxUlioi. ct &x&&pies for Qaept^r III
Ill.i liie fciio^a^ ;;i»t.aftt ii«l4 p^Xtart^ ««wlitus«s were
oLt^:4.i-evi Ly sww»ti luting tii* Ci^ ?•,«.-. oBdl%. kttO^Sj epiartur* s^pilitide
Cfcrf/iiUfe cut Ui« air«ct ititfetrstioir*
L nr2 X -J
c) ir^a) = Ho E(k) ^ 2HoTra^ ^^
X
( G= 2Tr it. t£i« nfeov« •x.»ftpieis,
)
Is cutl-i.;;.^. ii. C£ifc^;i.6:r ill, ^t.^rUt^ *i U. U.«$ jtcosBB ((iieiftEt fieJ..d
pfi.tt«rii, l^« corr«sfe...^tJ<iijij, &j^ertur» f^afeplitteda adll i»« Eiicisfc to result,
2.




^^^r y.TUni' ». -t-^ - ' V t '
^l*^- "xv"?<.H.u -^ .»3
X -^ > > . X .'(I,








'm eir«ct tftfsa tc* 'irsys. carreat>cii4©iiC«j it ifc easily »«.<£» tii&t 1 \, »




-(AJ)* V / 2C«-)
I.-
















-a. , A i
III.S £x«yspl« (b):
Sl&e« oiljr V (x) Gccurg., all I n*i axcaot I s^Ui^t bt? s a,
©i.c I = 2H«,Tra ^ ^ix oi^^^r 1 = 0. Ti*ue
suicc is t£4« o&rr«tt loss lor twig e*jsaipi«,
III. 4 £X£iftpl« (c)t
site© Gfcljf V^(x) cccura, el. I
^^











t^ ) ,v %n^H ^ v^^*:: t-irr^^<:^ == i^)l3
= tX)y !r, T1„H
mG-
I({l-i^}) - 1.0-?^)° = I. = 2Ho5 = Ho,
III. ^ Ez^iSv^^I e (d)
:
Ui« p»tt«r& &&jr btt written .-v^
|09 b/ •qtt*;llca« {5, IS) fttd (i. £1),
Vj(x) = nil)^ = -rr -2- Jl^'^)1-— ••
- '_ ^
&i^ u^e <iista£^t fiaid pf.tttr£. ol isijutfipl* (d) t«GOK«s
2,
Siiic^^ tiife oiilj t«» &pp«.*rl% lii E(x) is tiist isi V_(x), /^ii I ^.
exc«jt I ^ suet b« s 0.
^ l3.V;a) = H^ira Via)
,
or I = 2HoTia ^ «xi oU. r 1=0.
TrJ^\ ^
toH = TToHSi = ,1 = \'i-l)J ^ (f*-l»I
V
X « oj X — X rt» ^ \ <A / v^ \
\
^x> t^i., Xv :~
7T
ix










wiiijre I. n 1, I = ;.> '''i-cJIV, ..V E(ic)=Ca"[iV;cy)+I\^(^
Ga^= 2 . lit'srelbre, tix) = V^ix) + cV(x}. Sii.c«, fey (£.16) *««!
^' • "8 12-16 6 -24 64^
'3" 3 48 »20'I6 3 '120 -44
IV. £ Folisiii&ii tii© B©tt30d ox' GaepWr IV, we *ill sulUpiy S(x)
-Jk*





, SS folic 1S6t
13 - 72
_j. ...
Ciz] 14,0*]' 8o[;-£j^ lift £'.^37
If.^i Let uf coiisfi ;fer tiis |>os?lt41ity tii«'-t V, , V^^ , rue "¥^
occur ii. tii? !;;r^atx<3r> i(x). lii«?i- -v »!»•=' i" i'"^^) «» *i^- ^*^









-^.i ••>*! ;*|.O...J ^»
V
A






= I (i)m^. jjmtxfi)] . l^\(imiHY'l) ^
i^.=- Qt till,-*- t]^+ :Ij = tZ,
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= O
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MI = ili = o;
1-2.
I?. (» lii* fep^ifturfe cilstrife.uUoa is tiius X (*•) ^ 1+ '('-2 W
\0 l2 ^ = I








laltte® c r 7L
^
(si) J & = 1, 2, S,, . . - ,1.0,
not or y4x)i n^^,i,i,2.
Plot of ¥„(»)i 1^=1,^, i,sj,^,
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POtSjSS Gf { i - t "^ )
( ii= 1, ,19 )
e nz 1 z S- 4 s s 7
u.u 1.0 1.0 1.0 1.0 i.O 1.0 1.0
.1 .99 .9<^0i .370£ .9606 .sao .9415 .9121
.2 .96 .9216 .tsb47 .«349S .»1S4 .7828 .7S14
.91 .b2Bi .765€ .6fci>7 ,62€) .M79 .a68
.4 .64 .7066 • SB 27 .^79 .416^: , ?S1
5
.29a
.6 .76 . 5£'£o .4a9 ,5164 • 237S .17ao .15SS
.6 .e4 .4-)96 .2o2l .167i5 .1074 .0667 .0440
• 7 .61 .^€01 .1527 .0677 .OH^ .0176 ,00^0
•d .66 .1^6 .0467 .0166 .0060 .0022 .0008
.9 .Id .0561 .00 CS .0015 .ooog .OOCK> .00^00
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
z Jttr e 9 10 11 12 15 14
0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
.1 .^^7 .;*i5i> .9044 .69i»£ »oQt^ .«i77S • ^667
.2 .7a4 .<^;:o .£648 ,t*3<j£ .aE7 ,^a2 ,5647
.5 .%7J5 .4279 .2d94 • 5^44 ,S2.vb ,m-6i^ .24^70
.4 . ^*79 .2GC;£ .1749 .14^ .l£;i4 .10S7 .oan
• d .1001 .07 id. ,0d6S .04£2 .OS. 7 ,0km .0176
.6 ,c-;:^l .01JO .0715 .0074 .aj47 .0030 .o-is
.7 ..J0*6 »JJ'iii> .0012 .oooi .0003 .OJOl .0\X)1
.8 .0005 .OJOl .0000 .0000 .0(X)0 ,0000 .0000
.9 .00-^0 .0000 .0000 .0 ;00 .0000 .0000 . 000
1.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0
z rx= 16 16 :7 le 19
0,0 1.0 1.0 i.O 1.0 -1 ."%
.1 .btoi .^516 .ti429 .854^ .a 202
.2 .Ma . 6?04 .4996 .4796 .4604
.s .£450 .2.ai .E)12 .lea ,i6m
.4 .0751 .0fcl4 .Oi>16 .04*4 .0564
.& .01 ?4 .0100 ,;>07s .0066 •aa4£
.6 .:^oi2 .»08 .0C-05 .:'005 .ODO*^
.7 .0000 .000 .1000 .j'JiO .oa30
.8 ,0000 .0000 .0000 •0000 .0000
.9 .0000 .0000 .0000 .OOijO ,00fX)
1.0 0.0 0.0 0.0 0.0 0.0
*1
mX f. «. ^1 ^^ «,
^t
a»o 0.0 J.Q 0.0 3*0 •3.0
I ^,iilO -•2£o«i -.1-4 -.07 i» —e:^^
£ ^,b7'i ~. id/!e -.137 -.129 -.0'dl -.o«a *.0&M
2.
-.WJU -. l^'d -.i&.^' -.ISb -,l-'r") -.07ii -.0^^
4 -.2^2 -.10 ii -.ir© -.lOi^ -,:.dfe -•070 -.0^5
c ..L^. -.:,'ittfe -. ^w -.•ym -.06* -.OS -.>4&
fe .354 .OaO. .01 2& —,UA iSi -.;• -e -.-027 -^og^e
7 .166 .;xj6 .02a •01 S7 -..007 —il^aiT
c -.jed • .:--<i7 .3:>?ls ."lis? . -^Trse .nOiS • ' -
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m¥1.1 v'iiiier pjp«5j&rtfia :-i i.e-i. oii. u. -va^act of tiiif p*-p!«r ior
gr«a«iA«,Uoxi <.t t£i« lt«T«i kess^rcii Letsor&tory, it*© s^utikor ttss .l«i«I to
to lift o* suvi» iii^ rtft.iic«s "UiiX Ujiejr' K.r«s ner«! ap.jei-'-ec ic u-is i&b e/.
X^e first ift E cosEp&rlesfc c-1' tyu« resoitE of ti^e pr:??o»«Kl &is&lytlG«.l
ti^« steiijod* ol jioltttloiis previeusljr pr«,ii«i^'U»d Ifc iMs pfif««r ois. «cuisd
.r*cUci^;. f-i'oLlr^j, Curvee i:.i.d Uiii©« 111 -aetrRllr^, tutj? ,f:,:-.-«'i'di« r;ip»«r
rel«r6f}c«.
tl.S Saelts-lflsd ex;.'«ria;ex.tel d*.t r/^s o&t«'*»ed fros; la* Applied
of tti« Uiec-r«Uc&L setfeode %'^M^ pri.ct cai resylts, Tuis «ix=>erl»er.-t&l
dsts. la j>re5iGi.ted it :^r5K.',liEed lorE Ir Cur?»s (As) Mj<J (4&) ftBd Ic
lAble (S). it • ;- -^rst t;e^et5i'a"> tc:- e-cur^iSv. Ui?i <. ctui,i ;;,•,-: .sureci
Gi«i»at flftlfi i>«tti5rii (Cunr* 4a) aj:;islytlc«uly, ' ii«« tfiit wee dfoRa, It
«fi£ d«sired ta^t bctft ^r.LXJsed s.eiiictic bo s.ppiiod. ItJft resvA].Uiit
liluaia&Uot. woaldi ttwa ^rr-pbtCRlly •vaitiatft tiife «rtii of ta© pmfx,%^'^
VI,
S
tiia aetiioc o; CafcpV«r III »;-e tee^^':a I'lrst* By irisuBl luspec-
tioL, it sfcs dstemiiiftd tti&t ?p(x) t-xd ^i5>(x) cobld r«««cBftfely well
E&tlfify Uie re.iuire7i«iit8 of ex:re;:^iot;. tM r: r^^ttter coguel dottlel^^n
isouia c»srUii£i^> c*© isprcvsu li o'. . .i.-iiii^, to ioliBr?:.te "U-.e {)Sfttii«»-
...Ufcsl coffipllcfttiotte of »or«5 teras, C&«c«;. potfcts et x r st;<J xr 6
i
»«r» tte«d to solve l>>r tri« cc^effici«i~ts of Vg(x) eta V,g(x), t^e
folio wli^ sli^tti%fe&«)6b£ e':tU£^ii.c>£;0 c«r« aolTed;
Values of i - i,C<6, B r o. ^ -*er© ob-Wi^i^d. trds ©atprefEsioB »«•:§ tiiec
taftulatcd (l.-tJi* ©a) ftwi plotted (tXtrve 4»). ^ll» i&ct «£. «X£.ci r«^re-
flWkti'tlot of &(x), it is Delieved tiif t tt^s e«ss«E-tii*l oiier».ct«r f E(x)
i« i^rtr«i/»d wmll «t£>U(^h fcr d<^'.a£»8tr6tioj^ ptirpcsoc Ihd £j«Uicd c-f
CtiV^*r lil ii4ilc*t«» RJi «p<»rtiire lliLaidstlofc of
IU.£ &p«rturft illuaiuijiiUoz: 1& Uvtaul&tdbl 1& (tft&Xt ^) s&d plotted ou
(Carvtt 4b)» Tbe oorifc^^ .ot-dtii-cc of th<K^r> Bj&.i pr^etic* is clsr^rly
locsit&ted. Tiaifc cos;;>tritjo£. la coi-i'ldenbC Tery good, l£i4ieeuctt «e ta*
tt4«crjr do«i& £^>Y, t^« itlo <;CCouCit tudi ttii&i^e %e feed gil^i»do<n ec^ po«#r
iOfit it. r.l:dii.ttoi-, 1l^ iki- ti..'S& y "Li Ci.'. CCiii-MCfr iil'i wstir©
-i. £;(x) ftg
Is <»iiiii^i »t<!i jf- rifcid, 1h^ ofel^ fcatiioa^- tic*:I »ppiro3d««'.ti{>E iu tiils ttiitira
««ti*of: i* tfoiaii Uic «i^T©siioii of ii4>). Certr;Li,iy, tii-r 6£^i&««r f^tced
«lUs Uift proiA^«ii oi Qie&lt.^^ ai^ «si>6rture i^. > uffiia^tioE. to ^KT-duce r
<^tv©fa Ottetft 'woulQ do »«li to iir t ©Xijait* gucii t^eor^r.
VI.
4
1 t«tt tu« itaUiOG Oi Ciif^ter IV ii., kg sieple r feeii^ ^ ,>-
po»£.{ai.«, j*i. *ipci-«i;tial s^prcxia^iUcn of l^x) w&t us^d,
- i^
IMu iui.clioii is sifc taou: ivJ ^i. ("i .w^a 5A) SI.C plotxesu ot (^r** 4e),
Tl^tt mTra&poudmiG^ i» i^t &s ji^aod »e in ti*« !lr$t e»ett, t>ut It <»ee «lflo





(a) I^aUfct fliald Pstteri: (Curve 4 «)
- K»-
z E(x) ^ « "
i.'X i.OO 1.00
i 0.96 0.9S 0.®6
2 0.61 0.81 o.e£
t 0.i>7 0.62 o«e4
4 0.39 0.45 0.4S
5 0.^ 0.3 0.26
6 o.ao 0.20 0.17














0.0 i.OO 1.00 1,00
0.1 0.90 Q,bl 0,94
0.2 0.6E 0.48 0.7fi
O.g 0.38 0.24 0.S7
0.4 0.25 O.OT o.ss
0.5 0.1 S 0.05 o.ie





« UMlcured Dftta i& for pert, faolic reflector of !56 iiacsa riidiua,





































\ /^£ASUR€D E iLLUM.
H^.
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. E(x)'v|.0&\J+ 5.5 Yz
. E(x)~ e ^^
























































esji^axidetl %o ?.i.Ic» ext?re£ icL. a© *-. fatic-tios. of (x ):
-2L 2- ^
zo (2oy z I
iiisita of to oo bjf u.« u&e oi fo)nsu.Iit. (4,2i)),
J x-^^^iJ-^tr -,15
Id Brvcur* ft riret ri^^,n:>xi»f-%ioii lor (i»i0&stratd.oiB pujepoftee, *qu&.ilc.a«
k m 0:
,




1.7) ^_b_(i - »^)'.
(Curve 4b), itlsc euor.t ^xcei ot.t coi-forsfiitj mitii ti.e ex;.-«riaei/i^'l
r«*8ults>, 1u<» u::tur«( q£ xi^m h,^ xoxXm^XLon mutii, i^e 1.0 t«d, tio%«vwr« li
the. tiiird i«xm of t^« ttx^i^eiutltvl vsm.:.:^.i~»ioii is o^i&Mdftrodf ua "£>* o^ 4
««~pzo.u&i/.Uocs ectar into Ui« il£i«^ e£j culatioxi, llie ei.pr«S7'loL of
£(x) &£ ?iJ& «\;<»i:.ei.ti£i i.6 &ii &..-p3»ji£l«sU">& fetic: "Uie u«« o i' & Il»it«d
au&^«r Oi tex«8s, it. tide. c:^.sfe oiii> on®, i e ilstj ••.r; •> ir^xia:' tiofc.
== (-i )
¥1,5 f£i« «%t©ri«l oi '>!^rt^r^yti. {VI, 4) c;esc£.str;:t'M Ui« ..-•sculifei*
a«trurs o- we ii-ctix-u. . i u..-ij->tftr I*. /jiO it £<ore Ui«ii «v*jr ccriViiie&i&
tju* «twU*or u»r.L U.« •s.j&Uifeaatie&i. devic®* of C^«.:,ter IV Is pai't oi &
trAiisibrfc re].stt.:.ofejsidp, i. possible i'i»l -iti-jfc6ai:2 O-^ tiAii liGtwre Is
r*>dis6<i ti^ t & ccn-'lcte si?lul..c£i cf tii« rs.diaUor: crrb ^^ tr^g at r,e-Bd,
ix-L t.^ I ixsewiir-^j-j X-:. i>.: ... i.-u .^ L I- «2x.ir«ss az. eroi tr-'-,r/ curv* : jj fn su^t^-i^-
tioB r>f V ThLCclrloiig, f. L4$s,i &«('Ui£>d, adiili.?^r to iL« Fcuri &ivi>«&£«l
«3rx» T5-& Yi^u&liaed, out & 4;.r«.-?t dasi rf r--s<f-5rcJi fvLled tc ditcIo8«
li lio.^jci «:^s tki £l»8urctlty, Si£C« t&6 V fuuctlQKs deQ&jjT Sio r&pldly
^itii iucrej.slr^ T*uuac ^t X v'rtLfj s^ phr.£« VirleAlcES ef;iil"' exist
feifci.i«ir« ti*?tv oi-i^' «vwi* fui^ctioiifi a I" & j^ajiiisir*^ cecs/lJii; i-at.ure a->uid
pcsttibijT 6e «x;:re*8od. /nd it is iivkfcOTii th?-t jsucii j?ut,ct;'.;'5ii«'
Ctii. irfti ex^.-i-fsiiti^j o£ h s-i>i;-it-. ofo 'Ji V iuitc-oBfi U* sue i»*t,i-. i5 e,«ir'it;
Oi ftccwr^icy as is d«si.rod. ta« £nct tii^t r co«piat©i/ fi.rbitr?*r>
fut-cticc ciu.'iS'.i lit! s'. ex;. re-ri.''rrd,it- ra •sey dt-tr5,cts fmK tfee us'aiVl-
littg;. Oi t*.ti Si^'OiCG, ic-r iUi.*vti.ci.s e;ic^^r»£cit.4 rtaii^fciOi* p&iiteriis
arc fiot cc,^«,:I«t«LLjr ariJi. tr«ry. Tu«3y isiil &• ci tL« !>• « soiicii tue
• fctiiod caii i.--tidl«. L«t liE tiieri »??? e ttls stetoa^^tt, ?t:j r«>di^.t.icii
pettem c::i.. j^e ax^res >:-o -^^ t.:--; U'^fc of V iuE-ctiocis, €,i..<^ iioiuee
tmy rftdi*tLoJu profclea «i.".i* b« cr5Etpl«i«iy eolviNi, lEba 4s^r«* *f
ccuraGj adll d%j«Mid oc tii* btaeb-^r -i tei-es oii<'. is *illicg t-'
v.-'iijtiaer, Yiit .^utijor t. .i.i«Vui» .^.i- ii-iii.itc ;.uKfc'3'r ??!' t«rit:^ -s ui<3
na^J"'?c
« tat ostwisWtlous, iki'sevHi, tussir Kus*^i«i..tiat.;se3£ i® cc>&tidj*«d. iii
tat! tody oi tii« «ts.7«/, inf p^ft .ifcl« «ip-ar%ur© iiatrlsuti©a 1». «j^tr«3£i!-
ibict «v;^ fe furxtior- of (1 - z^), .ftc.-^. guf gmca fiiiactSofe res»i,te Ik «
irQir.iri.& ssust, t^s-. trae tjr rt^Ctpweity.
VI.?" t«t ViS, e^:Lsid«r firiPt tii*.' ex,,>osi*s&tlft.l emr»« <?1 iJasf*^rRi,^h
(VX. ^). To ft lir»t appr?xi»etioE-, k. »as T-iaed to 3&« 4, tJa« ffi*tfe04
to ® :if;:t K..,v-r~x.l.'t.>-;cii, tiift fufcctiofc e *° ^..ai b« e»-p.iitbl« of
lujiciV.oaii «i>p» .r.. Ij. Is^fcla 6i» &jud ta^ir plots ©ii Cuj.-f« iiit. The t«i>
for e i^rtt 5L^.,ruxka.atiOii. i&t x. cl' 4 Bmmi^b 6x»Gtl,r ocs'i-ect L: sud^'
tiitt fiTi-it t*o texftfi of tu© ex^.'OiJei^.tlai^ estui'^sloa «r<f osii^jEldwr-j^S. 51i«
t«re ii. t^e ex.iOfcaiiti&i w^^a^iaioB la 0. ti, «iille t&» s*ta»d 2i Ccftatjir If
irdic tas- h rati-, of 0.2.v frr tt«& .*Iif^le vslue cf r^-^. If t^-?*!?^ t*o
o-i.a. i..: ru, «;era to D« sivtiai«Jd, t^.tit is it= 3,1,31 iia #qtt*tiofc (4.36:,
t«*j VRiweg or ja «c\dd 1»« <>JM,^ir>«d fjro» tJ-.® eoiutiea or tli#: t&r«®
atKiiltfitieouE eqttaitioct, ,-,i.vi ti&« eTtp^iumilnl ci.i^* ausrould b« acre
c^os-cd/ «... jr-xier-ted. ILl i ia « diftlcuit iBut pi^ssltoi* pr.aC6<S-,.r«,
Trial *«.:, «rror cy co»..«rlii«j t^fe r*:Uo« of tejpa:« of tiie Mmsilml
tiiAi^ txi« aciutiOfc Oi tA.te sife4*ltiiC«otts* «-.iSiaUota al (4.36), ,fe<sttt«il/.

npijre^rRp^ia (4.11). Iiie iUret orcsr of ^^pif33si»':.%icm amTsS^d «ii»«/e
¥1,(3 A&otii^r «aa&pi«s e.R0f.o^.'r«© •s^'^.s tae iri.i>ofc«fetlfei
It i>j!i» d«ei>.Ced t.*?it ofcl^ oii© tt-rs. »ftA;la b« ©^>5s14©r'»d In tfce f
ej^u-««3lQia isitcfe o£*i/ * first fti-^j^r-i-jUa^-Ueii ©i' t«i» r*si«^ t
-#*s cJeiit'ed,.
fiiairifeg &a(i« t£ie a«ci:;;o£: tii© slffiult&t.eoug acimstioss (4.36} «ssre &«st
(C^rT«9 %^c) ^£ur; t*.iMil4ited ii. (Tf.bl.@ 6c). /.s eeii ife« £-«««i, !-:*<&
Vi,5? tti«t oi*i« lUi-cticBft ^t-icli lieTe b^ai* C3i-»ii;®r«K: Uk-us, Xtkr
to Buci. iUt.c;Uur.a. to 6m.oL>6tr:;X*i tu& v^rshXilitj of tiaa asUc-^J,
& j^&r»toia it%.ti s>£leet«i^ &e tfe« p&ttenx curve.
£{X) = 1 - X^-
!ti*« 8c«e fiifeUiC'd as u&ec _--r«vl-...ufeljr ^es used ksu %Zi^& C£S«. Ho^evfer,
tr«» valuer oi r. »i.i .ii Ic ©q\*sl pg.rt dicj ©fiti6i> (4,283) tsere 1 si;*?^. $»
z
Kx) ^ i -^ ^ V.(x) • ¥,(2).










(*) Kx) = 1 - JL












? 0.09 ; 0.05











































>2 s5 v^ s^
UI Lii UJ Ui
(amvA aaxnvwioN) \x)3

u(Curve Sa), Ifce ©3rr«spofcder>c» ag^^lt. is ^oq6, A..<i ii i.s iapori^si*
II it c&iuv«r^eti W &s x ltiCrefci;.«ii. It iss thus bfillfiir«4 tiiat aiiy
«i&r«e e&p«i»ie of «jtj>res€ioii ts e i'anctlcii of (x ) c; i- v« sppro3tiEf?t*d
bgf iai& £«»t£od «8 losi^ && it jLe. » dfteroc si £>g runcticfii &ud its ¥«'!«•
r«e«lB» j;:r««t«r th«i/ or s^iiiau to sero,
VI, 10 1ii« .:;>riPCtLcsl Boliiti^r; of U-e r-H. Ittgl pi?&£'l«» is «£;« ee-Apl^t^,
fiic s.eU<oc oi' ti^£;:>t«»r I? lells ti^Icb V i«,j.£.ctl.o&s (sxpr«e tb« dlst^.i^t
flalct ptXXnra afid tae %«'Uiod of d^nptiir III ut^ess We:^* i^dleiit^t^d ¥
i';aiutlo£.s to o«texT.i£tt U.« Si^nrUiz-^ ilXumiti&.%i-^-& r<»CiUir«d f r t^i^tt
i,iv«i:i distatt flftlci pattenu. l^projd£-5.t« r«f.uit£ sjte «i«eli/ ob*-si«w
to p«rr©ctLai:. if tw» p&tt-^>jrri curve is of cci.tii.unuc rip.tar* £-uc if tya«
S£.tc^«ift£tic«... csfiploxiV C&.J.:* ut) toler£.tiKv., liu fxicAUc^.^ tiu& oorrtsepon^-
•&c« ci Uie taeoi*«U.C{d r«£adts AXti es^perls^eiiitel data i^aa L::««f. &iio«Bk
•xcftllect. It is iftileveci. tL-t tiir# u^Lfoneity eX res -Its tc Qliycl Cal
ftctu«llt/ aiiXi u-fe >.. .,- :/i aj;,vlicaU.ci. s-iii e.&t« ttie i..v.x*icc, iaera
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